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AMENDMENTS TO THE CLAIMS 

1 . (Currently amended) A multi-junction solar cell assembly comprising: 
a transparent substrate; 

a transparent conductive coating formed on the transparent substrate, said 
transparent conductive coating comprising gallium nitride to provide 
a defect-free surface for growing an InGaN solar cell ; 

a solar cell including a plurality of gallium indium nitride junction layers 
fefffled- grown successively on the transparent conductive coating; 

an indium nitride junction layer formed on the plurality of gallium indium 
nitride junction layers; and 

a metallization layer formed on the indium nitride junction layer; 

wherein each successive gallium indium nitride junction laver has a 

thickness greater than a thickness of the immediately preceding 
gallium indium nitride junction layer, each successive gallium indium 
nitride junction layer being directly adjacent the immediately 
preceding gallium indium nitride junction layer. 

2. (Original) A multi junction solar cell assembly in accordance 
with claim 1 wherein the transparent substrate is selected from a group of 
transparent substrates consisting of sapphire, zinc oxide, and gallium nitride. 

3. (Canceled). 
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4. (Currently amended) The solar ce ll assembly of claim 5, A 
mu l ti junct i on solar c oll as se mb l y in accordance w i th c l aim 1 further comprising a 
gallium nitride junction layer formed on the transparent conductive coating between 
the transparent conductive coating and the plurality of gallium Indium nitride 
junction layers. 

5. (Currently amended) The solar cell assemb ly of claim 24, 
A- muIt i junct i on oo l ar co l l as s embly in accordance with c l a i m 1 w herein the solar 
cell includes a e ach lay o r of the plurality of gallium indium nitride junction layers 
[[has ll having a thickness of between about 0.2 microns and about 1 .0 microns. 

6. (Canceled). 

7. (Currently amended) J_he_ A multi junct i on -solar cell 
assembly of claim 5. in a ccordanco w i th clni m 1 w herein each layer of the plurality 
of gallium indium nitride junction layers has a gallium content of between about 90 
wt % and about 10 wt % and an indium content of between about 90 wt % and 
about 10 wt %. 

8 (Currently amended) The solar cel l assembly of claim 5,A 

mu l ti junct i on oo l ar c o l l o cc omb l y in accordan ce w i th rhi m 1, further comprising at 
least three gallium indium nitride junction layers, wherein each successive layer of 
the plurality of gallium indium nitride junction layers has a gallium content less than 
the immediately preceding layer of the plurality of gallium indium nitride junction 
layers and an indium content greater than the immediately preceding layer of the 
plurality of gallium indium nitride junction layers. 

9. (Currently amended) The solar cell assembly of claim 5, A 

mu l ti junction oolar co l l as s emb l y in accordanco with cla i m 1 w herein each layer of 
the plurality of gallium indium nitride junction layers has a band gap of between 
about 0.7 eV and about 3.4 eV. 
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10. (Currently amended) The solar cell assem bly of claim 5, A 
mu l t i junction solar c ell aoG o mb l y i n accordanco with c l aim 1 wherein each 
successive layer of the plurality of gallium indium nitride junction layers has a band 
gap less than the band gap of the immediately preceding layer of the plurality of 
gallium indium nitride junction layers. 

1 1 . (Currently amended) The solar cell assembly of claim 24, A 
mu l t i junct i on oolar c e ll aooomb l y i n accordanc e with c l a i m 1 w herein the transparent 
conductive coating comprises: 

a nucleation layer formed on the sapphire cover tranopar o nt cubstrate ; 
a lateral epitaxial overgrowth layer of gallium nitride formed on the 

nucleation layer; and 
a defect-free gallium nitride layer formed on the lateral epitaxial 

overgrowth layer. 

12. (Currently amended) The A mult i j unct i on solar cell 
assembly pf_ifvacGoidanGe^w4th-claim 1 wherein the nucleation layer comprises: 

an aluminum nitride coating formed directly on the sapphire 
cover tranoparont cubstrate in intimate contact with the sapphire 
cover tranopar o nt substrate ; and 

a seed layer of gallium nitride formed on the aluminum nitride coating. 

13. {Currently amended) The A mu l t i j unct i on solar cell 
assembly of claim 24, in accordanco with cla i m 1 w herein the transparent 
conductive coating comprises: 

a plurality of alternating layers of gallium nitride and aluminum gallium 
nitride; and 

a plurality of quantum wells, each quantum well of the plurality of quantum 
wells formed at a corresponding interface between adjacent layers 
of gallium nitride and aluminum gallium nitride of the plurality of 
alternating layers of gallium nitride and aluminum gallium nitride. 
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14. (Currently amended) The solar cell assembly of A-malti 
j ynotion oolor coll aoG c mbly in n r oordanco w i th claim 13 wherein a first gallium 
indium nitride junction layer of the plurality of gallium indium nitride junction layers 
is formed directly on a last gallium nitride layer of the plurality of alternating layers 
of gallium nitride and aluminum gallium nitride in intimate contact with the last 
gallium nitride layer of the plurality of alternating layers of gallium nitride and 
aluminum gallium nitride. 

1 5. (Original) A multi junction solar cell assembly in accordance 
with claim 1 wherein the transparent conductive coating comprises a gallium nitride 
layer formed on the transparent substrate. 

16. (Currently amended) Ihe A^nu I ti junction solar cell 
assembly of claim 5. in a cc o r dance w i th rh im 1 f urther comprising a metal current 
collector bus for receiving electrical power collected from the plurality of gallium 
indium nitride junction layers by the transparent conductive coating. 

17. (Cancelled) 

18. (Cancelled) 

19. (Currently amended) A method of forming a unitary multi junction solar cell 
assembly comprising tho otopo of : 

forming a transparent conductive coating including gallium nitride on a sapphire 

cove r oubstrat e; and 
f^o^- qrnwinn a solar cell including a plurality of gallium indium nitride 

junction layers on the transparent conductive coating without taking any 
* tn correct for lattice mismatch. , wh o ro i n o ach Gi i cc es sive 



ga l lium i ndium nitr i do junction l ayer has a thicknoco gre a ter than a 
t hicknooc of tho immediat el y pr e c e ding g allium i nd i um n i tri rln j un rtin n 
l ayer, e ach cuGc o ooivo gall iu m indium nitri do ju n c tion l ay e r b ei n g di r ectl y 



i nd i um nitr i d o junction layor; and 
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form i ng a m e ta lli zat i on l ay e r on the plura li ty of g alli um i nd i um n i tr i d e junct i on 
la y e rs, wh e r ei n th e m e ta lli zat i on l a y e r i s s e l e ct e d from a group that 
i nc l ud e s a la y e r of a l um i num, a lay e r of chrom i um, and a l ay e r of t i tan i um. 

20. (Currently amended) A method in accordance with claim 19 
further comprising forming a metallization layer on the plurality of gallium indium 
nitride junction layers, wherein the metallization layer is selected from a group that 
includes a layer of aluminum, a layer of chromium, and a layer of titanium; and forming 
an Indium nitride junction layer on the plurality of gallium indium nitride junction layers 
between the metallization layer and the plurality of gallium indium nitride junction layers. 

21. (Original) A method in accordance with claim 19 further 
comprising forming a gallium nitride junction layer on the transparent conductive 
coating between the transparent conductive coating and the plurality of gallium 
indium nitride junction layers. 

>^ 

(Cancelled) 
JZ&r' (Cancelled) 

-2-f-"' (New) A solar cell assembly comprising: 
a sapphire cover; 

a GaN transparent conductive coating (TCC) as front collector, the GaN 

TCC formed on the sapphire cover; and 
a multjunction InGaN solar cell grown on the GaN junction layer; 
wherein the GaN TCC provides a defect-free surface upon which the InGaN 

solar cell is grown. 
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REMARKS 

Claims 1-2, 4-5, and 7-23 are pending. 
Claims 1-2, 4-5, and 7-23 are rejected. 

In the office action dated June 9, 2008, claims 1-2, 4-5, 7-12 15-18 and 22 are 
rejected under 35 USC §1 03(a) as being unpatentable over Bour EP 977,279 in view 
of a paper by Wu et al. entitled "Superior radiation resistance in InGaN alloys"), and 
Schetzina U.S. Patent No. 5,679,965; claims 19-21 are rejected under 35 USC 
§103(a) as being unpatentable over Bour in view of Wu, Nishii U.S. Publication No. 
20030205721 and Schetzina; and claim 23 is rejected under 35 USC §1 03(a) as be.ng 
unpatentable over Bour in view of Wu and Schetzina. Claims 1 , 19, 22 and 23 are 
base claims. 

New claim 24 recites a solar cell assembly comprising: 

a 2S ^parent conductive coating (TCC) as front collector, the GaN 

TCC formed on the sapphire cover; and 
a multjunction InGaN solar cell grown on the GaN junction layer, 
wherein the GaN TCC provides a defect-free surface upon wh.ch the 

InGaN solar cell is grown. 

The applicant has found that the front collector of GaN TCC on a sapphire 
cover produces a defect-free surface for growing a multijunction InGaN solar cell. 
There is no lattice mismatch with the InGaN solar cell. This is an unexpected result, 
which is clearly recited in new claim 24. 

The unexpected result provides benefits. It allows the InGaN solar cell to be 
grown on the TCC/sapphire cover, thus forming a unitary assembly. No adhesive is 
needed to attach the cover to the solar cell (which has its own problems). No 
modifications to the solar cell have to be made to grow it on a cover. ■ 
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The documents made of record do not teach or suggest this unexpected result. 
Wu et al. is silent about covers for their InGaN solar cell. They are also silent about 
lattice mismatches with substrates upon which their solar cell is grown. 

Wu et al. mention problems with high-energy particle damage to InGaN solar 
cells, but offer no solutions. Wu et al. point out that "Work on InGaN has not yet 
progressed to the point of making complete devices, so we have chosen to study here 
basic material properties" (p. 6478, left column) 

Of the Wu paper and the patents to Bour and Schetzina, only the Wu paper 
provided evidence of InGaN solar cells. Bour 1 and Schetzina 2 relate to laser diodes. 

Moreover, Bour and Schetzina are cited to show work in solving lattice 
mismatches. However, as the applicant has found, such work is not necessary for the 
combination of the sapphire cover/GaN TCC/lnGaN solar cell. The documents cited 
by the examiner simply provide evidence that the result is unexpected. 

For these reasons, new claim 24 should be allowed over the documents made 
of record. So too should claims 4-5, 7-14 and 16, which have been amended to 
depend from new claim 24. Claims 17-18 and 22- 23 have been cancelled. 

Claim 19 has been amended to recite a method of forming a unitary multi 
junction solar cell assembly. The method includes forming a transparent conductive 



' r™, rti^rin^ a laser diode having a sapphire substrate 305, a thin amorphous buffer layer 310 of 
G^an^and^^ri^8 320and 330. The buffer layer ^310 serves ,« ;* ^cteaton^er. 
ParaoSoh 28 savs the thick layer 320 allows higher indium content to be used in the active layer 330 
Growingme acttve layeS on the thick layer 320 results in less lattice mismatch than growing the act,ve 
layer 330 directly on the GaN buffer layer 310. 

> Schetzina discloses a semiconductor surface emitting laser having a lattice matched structure including 
a sappS Substrate, and a GaN layer, graded AIGaN layers and InGaN acbva layer. A multiple 
quantum well may be used instead of the graded layers of AIGaN. 
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coating including gallium nitride on a sapphire cover; and growing a solar cell including 
a plurality of gallium indium nitride junction layers on the transparent conductive 
coating without taking any measures to correct for lattice mismatch. Amended claim 
19 and its dependent claims 20-21 should be allowed over the combination of Bour, 
Wu and Schetzina for the reasons above. 

Claim 1 has been amended. Amended claim 1 and its dependent claims 2 and 
15 should be allowed for the reasons above. 
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